


CALCULATION COVER SHEET 

MANAGERS ESIGNE~~&SLJLTMTS 

Project: INEEL V-Tank Remediation Project Number of 
Sheets: 

1 of 16 
Site: 

Test Area North, Idaho Falls, Idaho 

Calculation Work Order 
Number: ABQO4-H PO04 Number: 12393.002.001 

Required treatment calculation of liquid-phase tank waste in order to ensure compliance 
with the Waste Acceptance Criteria (WAC) for disposal at Envirocare of Utah 

C:\W INN~Proiiles\jrodngl\DesktopWBQO4-HPOO4-RAD~lO-23 doc 



20f 16 

Problem Statement: 

Utilizing provided characterization data from references, determine the required treatment necessary to 
allow the liquid phase of tank waste to be shipped and disposed of at Envirocare of Utah, Inc. Compare 
known constituent concentrations from the liquid phase of each V-Tank waste with applicable land 
disposal restrictions treatment standards and Envirocare’s Radioactive Materials License. 

Method of Solution: 
A review of existing chemical data for the liquid phase (and solid phase) of each V-Tank was performed 
and highest constituent concentrations were input into Excel 2000 tables (Calculation # ABQ03-HP003- 
RAD). A preliminary liquid waste determination and summary is provided as referenced herein, and 
applicable regulatory limits as well as wastewater and non-wastewater LDR treatment standards were 
also entered into these tables. A review of existing radiological data for the liquid phase of each tank was 
performed. Based on the radionuclides detected in the waste, a comparison table was created between 
the activity detected for each radionuclide and the average concentration per container allowed at 
Envirocare based on their Radioactive Materials License. 

Assumptions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The contents of each tank will eventually be separated into liquid and sludge/solid phases and each 
phase will be managed separately based on highest constituent concentrations present in that phase 
of the waste, 

Dilution of the tank waste will not occur during phase separation. 

The wastewater determination for the liquid phase of each tank may change after the waste is 
removed based on total organic concentration as well as total suspended solids concentration. 

This review does not evaluate the V-Tank waste for compliance with DOT or determine the 
radionuclide concentration estimated per DOT container. 

This review does not include a determination of whether the waste is classified as a Class A, B or C 
waste. 

This review does not include a determination of applying the sum of fractions rule for waste 
containing more than one radionuclide. 

This review does not include a determination of whether the waste is considered special nuclear 
material as defined in the Utah Administrative Code R313-12-3. 

With regards to the characterization data, when constituents were not detected and the detection limit 
was below the applicable LDR treatment standard or Envirocare’s Radioactive Material’s license, it 
was assumed that the constituent was not present in the waste and was not evaluated for purposes 
of compliance with RCRA, TSCA requirements, or with Envirocare’s WAC. 

With regards to the characterization data, the highest reported concentration for the waste reviewed 
was included in the summary tables for comparison against regulatory limits, LDR treatment 
standards and average radionuclide concentration per container. 

10. With regards to the chemical and radiological characterization data, it was assumed that only those 
constituents analyzed are considered contaminants of concern for this waste. 

11. With regards to the chemical characterization data, when a constituent was not detected and the 
detection limit exceeded either the regulatory limit or the LDR treatment standard limit, it was 
assumed that those constituents could still be present and were assigned a D code or included as 
underlying hazardous constituents (UHCs) requiring treatment. 
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v- 1 

v-2 

v-3 

v-9 

12. It is recognized that additional organic constituents may be present below the detection limit, and this 
has been accounted for in the factor of safety applied to the design of the carbon absorption system. 

Tetrachloroethane, Trichloroethene, Mercury, Lead, and UHCs. 

Trichloroethene and UHCs 

Trichloroethene and UHCs 

Methylene chloride,l,l,l -Trichloroethane, Trichloroethene, several SVOCs, 
Cadmium. Mercurv. Lead. Nickel. and UHCs. 

~ ~ 

13. With regards to the chemical characterization data, it was assumed that the presence of 
Trichloroethene is considered an Fool listed waste for all the V-Tank waste based on historical 
information. Trichloroethene is also considered the only listed hazardous constituent associated with 
the V-Tank waste. 

14. With regards to the chemical and radiological characterization data, all reported analytical results 
were representative of each phase of V-Tank waste. 

15. PCBs are not an issue for the liquid phase of the V-Tank waste and will not be considered for 
purposes of shipping this waste to Envirocare. 

Sources of Formulas and References: 

1. Wastewater definition: Wastes that contain less than 1% by weight total organic carbon (TOC) and 
less than 1 % by weight total suspended solids (TSS). Reference: RCRA Regulations and Keyword 
Index, 2000 Edition, Chapter 8, “40 CFR Part 268: Land Disposal Restrictions”, specifically, 40 CFR 
268.2 (f). 

Characterization Data From: 

Comprehensive Remedial lnvestigation/Feasibility Study (RVFS) for Test Area North Operable Unit 7- 70 
at INEEL, DOE/ID-l0557, November 1997, Dept. of Energyhdaho Operations Office, Idaho Falls, ID. 

Waste Acceptance From: 

Waste Acceptance Guidelines of Envirocare of Utah, Inc., 46 West Broadway, Suite 11 6, Salt Lake City, 
Utah 841 01 ; September 30, 1999. 

Agreement-State Radioactive Material License, License #UT 2300249, amendment #11, issued by the 
Utah Division of Radiation Control (DRC). 

Calculation: 

Refer to Calculation number ABQ03-HP003-RAD Excel tables labeled “INEEL V-Tank Number VOC (or 
SVOC, Inorganic, Miscellaneous or PCB) Analysis on either Solid or Liquid Phase.” 

Discussion: 

Ultimately, the management and eventual treatment and disposal of waste associated with the removal of 
the V-Tanks, will be based on the characterization of the V-Tank waste. A preliminary chemical 
characterization of the V-Tank waste was performed based on the separation of waste phases. A 
summary of the results are reported below: 
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Table 5 in Attachment 1 lists the SVOC analytical results for each of the tanks and the LDR treatment 
standards for each SVOC. 

Additional radiological sampling and analysis may also be required after on-site treatment. Therefore, 
this characterization is based on preliminary information. 

Summary 

The existing analytical data associated with the liquid waste from each tank was reviewed and a 
preliminary hazardous waste determination was developed as well as a list of detected radionuclides 
associated with the waste. Based on this review, the waste was compared to Envirocare’s WAC. 
Primarily, the waste must be treated to meet the RCRA land disposal restrictions (LDR) concentration- 
based treatment standards for all applicable chemical constituents, and then stabilized prior to shipment 
and eventual disposal at Envirocare. Based on the present data no treatment for radionuclides will be 
required. 

Conclusions and Recommendations: 

1. Determine the activity of the liquid phase of the waste after on-site filtering and carbon absorption of 
the liquid phase of each tank waste to ensure compliance with Envirocare’s WAC. Perform additional 
sampling and analysis if necessary. 

2. Ensure waste was treated to meet applicable LDR requirements prior to stabilization and shipment to 
Envirocare. 

3. Stabilize the liquid waste in a manner that minimizes volume increase as well as acceptable to 
Envirocare to manage as stabilized material. 

Computer Source: 

Compaq DeskPro with Microsoft Windows NT operating system and Office 2000 software. 
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TO ENVIROCARE 
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Required Treatment to Allow Water To Be Shipped to Envirocare 

Based on Envirocare’s Waste Acceptance Criteria (WAC) dated September 30, 1999: 

Envirocare is prohibited from accepting: 
- 
- 

Radioactive waste classified as Class B or Class C waste 
Radioactive waste in excess of the concentration limits per container for each 
radionuclide listed in its Radioactive Materials License. 
Special Nuclear Material outside the limits of their SNM exemption certification. 

Solid radioactive waste containing free liquids 
Bulk liquid wastes, non-aqueous liquids, or wastes with an organic liquid phase 

- 
- Liquid radioactive waste 
- 

- 

Envirocare’s Radioactive Material License authorizes the receipt of radioactive waste in the 
form of soil or debris onlv. 

Envirocare can accept mixed waste for treatment using chemical stabilization (STABL), 
chemical oxidation (CHOXD), chemical reduction (CHRED), chemical deactivation 
(DEACT), neutralization (NEUTR), macroencapsulation (MACRO), and microencapsulation 
(MICRO). 

Radioactive mixed waste must meet the applicable land disposal restrictions or must be 
treated (using any of the specified methods listed above) prior to disposal on-site. 

For chemical fixation treatments, the waste must: 
- 
- 

- 
- 

Must meet Envirocare’s Radioactive Material License and RCRA Part B Permit. 
Waste must be at or shreddable to a particle size of 3/8 inch. 
Waste must not be subject to any other technology-based treatment standard. 
Process is best for soils, sludges, and shreddable waste with little or no organics (e100 
PPm). 

Envirocare requires third-party certified laboratory results prior to the approval of a waste 
stream and each laboratory must be Utah Certified for each method used to evaluate the 
waste stream. 

Based on the above conditions, the water must be treated to meet the land disposal restrictions 
for each hazardous constituent present in the waste and the waste must be in a solid form prior to 
shipment to Envirocare. Therefore, the liquid waste must meet all applicable land disposal 
treatment standards prior to shipment and disposal at Envirocare. 

Chemical Characterization 

The following tables are for each chemical constituent associated with the liquid (water) phase of 
each tanks waste and the associated LDR treatment standard required by Envirocare’s WAC, 
determined through the preliminary chemical characterization review based on existing 
analytical data provided by INEEL. 
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Note: The liquid phase of each tanks waste is considered a wastewater for purposes of 
complying with the land disposal restrictions, in that the liquid contains e 1% total organic 
carbon (TOC) and e 1% total suspended solids (TSS). The preliminary characterization was 
based on this assumption. If after removal of the waste from each tank, either the TOC or TSS 
exceed I%, the waste must comply with the non-wastewater treatment standards also listed 
below. 

Additional process knowledge or re-analysis is required to determine if antimony, chloromethane 
and a majority of the SVOCs are considered underlying hazardous constituents (0 268.48 standards) 
requiring treatment. 

“5268.48 identifies universal treatment standards (UTS) for underlying hazardous constituents (UHCs) reasonably 
expected to be present at the point of generation at a concentration above the constituent-specific UTS treatment standards. 
For the liquid phase of Tank V-1, compliance with this standard has resulted in the identification of lead, antimony, 
chloromethane, tetrachloroethene and several SVOCs as UHCs, which are present at concentrations above the constituent- 
specific UTS treatment standard. 

J = Estimated value 
E 
R 
ND = Not Detected 

= Exceeded calibration limit for instrument 
= Result rejected during validation and unusable 
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Constituent 
(Waste Code) 

2.4-Dinitrotoluene 

Concentration LDR Wastewater LDR Non-wastewater 
Detected in Waste Treatment Standard Treatment Standard 

( m i m  (mg/L) 
N D @ I  0.32 140 

I Hexachlorobenzene I N D @ 1  I 0.055 I 10 
Hexac hlorobutadiene 

Trans-l,2- 
N D @ 1  0.055 5.6 
0.37E9 0.054 30 

Dichloroethene 
Trichloroethene 0.3 E , J  0.054 6.0 

J = Estimated value 
E 
R 
ND = Not Detected 

= Exceeded calibration limit for instrument 
= Result rejected during validation and unusable 

(F001) 
UHCs (various) See Table 5 for concentrations detected in Tank V-2 and applicable 

treatment standards. 

J = Estimated value 
E 
R 
ND = Not Detected 

= Exceeded calibration limit for instrument 
= Result rejected during validation and unusable 

Trichloroethene 
(F001) 

UHCs (various) 

0.2 0.054 6.0 

See Table 5 for concentrations detected in Tank V-3 and applicable 
treatment standards. 

Constituent 
(Waste Code) 

Cadmium (D006) 

Lead (D008) 
Mercury (D009) 

Concentration LDR Wastewater LDR Non-wastewater 
Detected in Waste Treatment Standard Treatment Standard 

1.9 0.69 0.1 1 mg/L TCLP and 
meets 40 CFR 268.48 

standards' 

(mg/L) (mg/L) (m@g) 

0.942 0.69 0.75 mg/L TCLP 
0.563 0.15 and meets 5268.48 0.025 mg/L TCLP and 

standards' meets 40 CFR 268.48 
standards' 
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Constituent 
(Waste Code) 

Nickel (UHC) 
Benzene (D018) 

Chloroform (D022) 

Concentration LDR Wastewater LDR Non-wastewater 
Detected in Waste Treatment Standard Treatment Standard 

( m f l )  ( m f m  (mg/kg) 
13.8 3.98 11 mgL TCLP 

ND @ 17 0.14 10 and meets 268.48 

ND @ 10 0.046 6 and meets $268.48 
standards‘ 

1,2-Dichloroethane 
standards ’ 

ND @ 25 0.21 6 and meets 5268.48 
(D028) 

1,l-Dichloroethene 
(DO291 

3,3 Dichlorobenzidene 

standards‘ 

standards’ 
N D @  11 0.025 6 and meets $268.48 

ND @ 0.66 0.055 8.2 
(Dibenz (a,h) 

anthracene (UHC) 
2,4-Dimethylphenol 

( W C )  
Indeno (1,2,3-cd) 

0.079 0.036 14 

ND @ 0.036 0.0055 3.4 
pyrene (UHC) 

Methylene Chloride 59.0’ 0.089 30 
( W C )  

2-Methylphenol (o- 
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0.83E 0.11 5.6 
creosol) (UHC) 

4-Methylphenol (p- 0.83 E 0.77 5.6 
creosol) (UHC) 
Phenol (UHC) 

Tetrac hloroethene 
0.1 E 0.039 6.2 

ND @ 17 0.056 6 
(D039) 

1,1,1-Trichloroethane 58’ 0.054 6.0 
(UHC) 

Tric hloroet hene 
(F001) 

410 0.054 6.0 
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Table 5. SVOC Concentrations and Treatr 
I Concentr, 

4-Chloro-3-Methylphenol 
(p-chloro-m-cresol) 

1,4-Dichlorobenzene (p- 

nt Standards for Liquids in Tanks V-1, V-2, V-3, and V-9. 
ion (mg/L) I LDR Treatment I LDR Treatment 

Standard for Standard for Non- 
v - 3  V-9 Wastewater (mg/L) wastewater (mgkg) 

U (1) U (0.006) 0.059 3.4 

U (1) U (0.007) 0.059 3.4 

I I 

U (1) U (0.008) 0.018 

u (1) u (0.010) 0.055 

U (1) U (0.006) 0.044 5.7 

U (1) U (0.005) 0.055 8.2 

U (1) 0.210E 0.088 6 

U (1) U (0.006) 0.036 6 

U (1) 0.049 0.09 6 
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Concentration (mg/L) 
I 

LDR Treatment LDR Treatment 
Standard for Standard for Non- 

Constituent 
3,3 -Dichlorobenzidine 

(Dibenz (a.h) anthracene) 

2,4-Dichlorophenol 

Diethylphthalate 

2.4-Dimethvl~henol 

Dimethylphthalate 

Di-n-buty lphthalate 

Di-n-octy lphthalate 

2,4-Dinitrophenol 

2.4-Dinitrotoluene 

2,6-Dinitrotoluene 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 
(Hexachloro- 1,3-butadiene 

lexac hlorocvcloDentadienc 

Hexachloroethane 

Indeno (1,2,3-cd) pyrene 

2-Methvl~henol (0-cresol) 

4-Methylphenol (p-cresol) 

NaDhthalene 
2-Nitroaniline (o- 

nitroaniline) 
4-Nitroaniline (p- 

nitroaniline) 

Nitrobenzene 
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Standard for 
Wastewater (m@) 

Table 5. SVOC Concentrations and Treatment Standards for L 

I Concentration (mg/L) 
Standard for Non- 

wastewater (mgkg) 

pids in Tanks V-1, V-2, V-3, and V-9. 
LDR Treatment I LDR Treatment 

Constituent I v-1 I v - 2  I v - 3  I v - 9  

N-nitroso-dimethy lamine --- __- u (0.01 1) 

0.059 5.6 

0.039 6.2 

0.067 8.2 

0.014 16 

0.035 7.4 

Notes: 

1. Shaded boxes indicate UHCs where the detection limit is above the treatment standard and where the value recorded 
was below detection limits. 

2. SVOCs without applicable treatment standards were not included in this table. 

U = Not Detected (detection limit in parenthesis) 
J = Estimated Value 
E = Concentration exceeded the calibration range of the instrument 

Radiological Characterization 

The following tables identify only those radionuclides detected in the liquid phase of the waste 
from each tank, compared to the radionuclide limits as defined in Envirocare’s Radioactive 
Material License, Amendment # 11, which expires on October 22, 2003. 
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U = Not detected, detection limit given in parenthesis. 
' Analysis by gamma spectroscopy 
L Decay products are assumed to be present in concentrations equal to the parent. 

Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244 
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent. 
*It is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to 
pCi/kg. 
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Radionuclide 

U-233t234 
U-235 
U-238 
PU-238 

P~-239/240 

Activity Detected Envirocare Waste 
(PCW" Acceptance Criteria 

(Average Concentration per 
Container) 

(PCfig) 
3.86E+04 +- 1300 7.5E+07/3.7E+O8 
1.6E+03 k 56.2 1 .9E+062 
4.99E+02 k17.6 3.3E+083 
4.75E+02 k 17.3 1 .OE+07 
2.83E+02 & 12 1 .OE+07/1 .OE+07 

Am-24 1 5.89E+O1 k 4.88 
Cm-242 U (4.96) 

Cm-243/244 1.62E+Ol k 2.48 

1 .OE+07 
2.OE+09 

1 .OE+07/ 1 .OE+07 
Np-237 U (27.6) 1.0E+073 ~ 

Sr-90 4.9E+06 k 17400 2.5E+072 
Ag-lO8m U (3960) 5 .0E+072 
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co-58 
CO-60 
(3-134 
(3-137 
EU-152 
EU- 154 
EU-155 

U (1600) 4.4E+11 
1.3E+04 k 799 3 .OE+07 

U (764) 4.4E+11 
1.35E+07 k 617000 6.0E+072 

U (4760) 2.OE+07 
U (1820) 3,OE+07 
U (14400) 4.4E+1 I 

Mn-54 
Nb-95 
Ra-226 
RU- 103 

U (716) 4.4E+11 
U (1960) NA 
U (4100) 1 .0E+072 
U (36000) 5 .OE+05 

RU- 106 U (46200) 4.4E+1 l2 
Sb-125 U ( 18400) 4.4E+1 l2 
U-235' U (6450) 
Zn-65 U (1700) 
Zr-95 U (3210) 

1 .9E+062 
4.4E+11 
4.4E+11 

1-129 
H-3 

Ni-63 

U (169) 3.1E+06 
1.02E+08 k 1.07E+07 2.5E+lO 
4.48E+05 & 32300 2.2E+09 
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Radionuclide Activity Detected Envirocare Waste 
(PCW" Acceptance Criteria 

(Average Concentration per 
Container) 

' Analysis by gamma spectroscopy 
2 Decay products are assumed to be present in concentrations equal to the parent. 

Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244 
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent. 

*It is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to 
pCi/kg. 
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Activity Detected 
Tank V-9, P 

Radionuclide Envirocare Waste 

2.1 lE+05 
U-233' 
U-234l 3.7E+08 

Am-24 1 

6.9E+03 

H-3 

1.9E+06' 

Cm-244 
Np-237 

5.66E+02 f 37 
2.72E+02 f 22.8 

Total Sr 
CO-60 

2.OE+07 
3 .OE+07 

CS-137 
Eu-152 
Eu-154 

1.24E+04 

Acceptance Criteria 
(Average Concentration per 

Container) 

4.02E+04 & 2500 I 1 .OE+07 

2.OE+02 f 36 1 .OE+07 

4.2E+05 & 162000 I 6 .OE+07' 

' Analysis by inductively coupled plasma mass spectroscopy. 
Decay products are assumed to be present in concentrations equal to the parent. 
' Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244 
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent. 
*It is assumed that the density of the liquid phase is close to the density of water and p C i n  is equivalent to 
pCi/kg. 

Note: For waste containing more than one radionuclide, the waste must be classified by applying the sum of 
fractions rule as described in Envirocare's WAC. In addition, if this waste is expected to contain special 
nuclear material (SNM), additional limits and conditions will apply to this waste, which have not been 
discussed below. 
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Project: 
INEEL V-Tank Remediation Project 
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Number of 
Sheets: 

1 of40 

Calculation 
Number: 

Work Order 
ABQ05 - CEO01 Number: 12393.002.001 

Subject: 

Rev # 

RAA 

Excavation - Preliminary Estimate of Shoring Requirements 

Date: Revision: Calculated by: Checked by: Approved: 

411 1/01 60% Rob Ederer N/A N/A 

RAB 

RAC 
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Problem Statement: 
Determine loading stress required to be resisted by shoring. 

Method of Solution: 
1. Determine soil type 
2. Determine angle of friction 
3. Determine the soil pressure on shoring or trench box 
4. Determine distribution of soil pressure. 

Assumptions : 
1. Soil type is the same throughout the site. 
2. Information provided by INEEL is correct. 

Sources of Formulas and References: 
Geotech Soils Report, WAG 1 TSF-09/18 

Soil Mechanics 

May 1982 
NAVFAC DM-7-1 

Pg 7.1 - 147 

Soil Mechanics 

March 1971 May 1982 
NAVFAC DM-7-1 DM 7-2 

Pg 7 - 9-2 Pg 7.2-62 

Calculation: 
See attached. 

Shoring Available with Existing Stresses: 
Based on existing stresses and per Speed Shore’s manufacturer’s tabulated data for double-wall trench shield, 
model TS-1024-DW8 has a 24 foot length, a shield capacity of 1,100 psf, which is above the required 
calculated stress of 671 psf, and is allowable for up to 22 feet of depth for type C(60) soils. Two 10-foot deep 
shields can be stacked to a total depth of 20 feet, which is adequate for the expected excavation of 20 feet. 
Two TS-1024-DW8s will accommodate a 48-foot long excavation length. Reinforced steel plates can be 
welded to ends of shields to provide total enclosure of excavation. 

Speed Shore trench shields are designed and certified by Registered Professional Engineers, are made of 
steel construction, can be customized to accommodate the V-tank site conditions and are commercially 
available. Speed Shore trench shields or a similar product are recommended for this application. 

Summary of Results: 

Soil function angle = 32 degrees 
Soil Cohesion = 0 
Soil Type = SW-SP 
Stress on shoring = 671 psf 
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FIGURE 7 
Correlations of Strength Characteristics for Granular Soils 
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SHEET of - 

C LI E NT/S U B J E CT 

TASK DESCRIPTION TASK NO. 

W.O. NO. 

APPROVED BY 

DEPT-DATE 

PREPAREDBY DEPT DATE 

MATH CHECK BY DEPT DATE 

METHOD REV. BY DEPT DATE 
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COHESIVE SOIL, NO 
COMBINED COHESION AND FRICTION FRICTIONAL RESISTANCE 

GRANULAR SOIL 

ACTIVE PRESSURES 

Qp = y z  +2c 
pp' F Y H 2 + 2 C H  I 

GRAPHIC SOLUTION FOR SLOPING BACl ILL 

k /  

FOR COHESIONLESS SOILS WITH SLOPING BACKFlLL,VALUES OF KA AND Kp, AND POSITIONS OF FAILURE ARE 
GIVEN IN FlGURE4. 
FOR SOIL WITH C AND +,THE POSITION OFTHE FAILURE SURFACE IS MTERMINED BY ANALYZING TRIAL WEDGES 
TO OBTAIN MAXIMUM VALUE OF PA AND MINIMUM VALUE OF Pp. 
THE CASES SHOWN INVOLVE THE FOLLOWING ASSUMPTIONS. 

1. MATERIALS ARE HOMOGENEOUS. 
2. SUFFCIENT MOVEMENT HAS OCCURRED SO SHEAR STRENGTH ON RUPTURE SURFACE IS COMPLETELY MOBILIZED. 
3. WALL IS VERT1CAL.K) SHEAR FORCES ARE PCKSENT ON BACK OF WALL.RESULTANT FORCES ARE HORIZONTAL. 

UNDER THESE CONDITIONS,RESULTANT PRESSURES ARE ACTIVE AND p#sSIVE VAWES,AND RUPTURE SURFACE IS A 
STRAIGHT PLANE THROUGH HEEL OF WALL. EFFECTS OF SURCHARGE AND GROUNDWATER PRESSURES ARE NOT lM3.U 

FIGURE 2 
Computation of Simple Ac t ive  and P a s s i v e  P r e s s u r e s  



4 O f U  
SHEET - of - 

CLIENT/SUB J ECT W.O. NO. 

TASK DESCRIPTION TASK NO. 

APPROVED BY 

DEPT-DATE 

PREPAREDBY DEPT DATE 

MATH CHECK BY DEPT DATE 

METHOD REV. BY DEPT DATE 

447.5 B / t F  <- ( 9 5 0  

RFW 10-05-OQ3IA.5l85 
51 2-5643 



0.75 H r 
(a) SAND 

a h  0.65 K n . 7  H 

WHERE KA-TANP (45 -4 /2 )  

SOFT TO MEDIUM CLAY 
(No>6) 

For  c l a y s  base  t h e  s e l e c t i o n  on 
No = Y H/c 

ah: K A . 7 . H  

4c KA = I - m -  . ?" ' 
m = 1 excep t  where c u t  is 

u n d e r l a i n  by deep s o f t  
normally c o n s o l i d a t e d  
c l a y ,  t h e n  m = O . b F S ~  

ASSUME HINGES AT STRUT 
LOCATIONS FOR CALCULATING See F i g u r e  28 f o r  F a c t o r  of S a f e t y  
STRUT FORCES a g a i n s t  bottom i n s t a b i l i t y ,  

(FsB): 1 - < FSB L1.5 

0.25 H 

- A 
1 2  

f3 

- 

0.50H F3 

F4 
- 

0.25 H 

STIFF CLAY 
 NO<^ ) 
For 4<N0<6, u s e  l a r g e r  o f  
diagrams ( b )  and ( c ) .  

Use lower v a l u e  when movements 
are  minimal and s h o r t  
c o n s t r u c t i o n  pe r iod .  

uhl=0.2 YH; ~t ,2=0.4)"  

FIGURE 26  
P r e s s u r e  D i s t r i b u t i o n  f o r  Brace Loads i n  I n t e r n a l l y  Braced F l e x i b l e  Walls 
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Lockheed Martin Idaho Technologies Company 

INTERDEPARTMENTAL COMMUNICATION 

Date: September 16, 1998 

To: John Giles MS 3120 6-4158 

From: Edna C. Johnsen MS3960 6-9705 

S u bject : TRANSMITTAL OF RESULT TABLES FOR THE WAG-I SAMPLING (V-TANKS) 
SAMPLTNG PROJECT - ECJ-04-98 

Enclosed please find the following Result Tables for the WAG-1 Sampling (V-Tanks) Project. 

Inorganic 

Result Table 

WAG-1 Sampling (V-Tanks) - Inorganic Data (Method Validation Level C, table dated 9-15-98) 

No n -Me tals 

Result Table 

WAG-1 Sampling (V-Tanks) - Non-Metal Data (Method Validation Level C, table dated 9-16-98) 

Particle Size Density 

Result Table 

WAG-I Sampling (V-Tanks) - Particle Size Density (Method Validation Level C, table dated 9-17-98) 

Per your request these tables were completed before all the datawas received for this project. When the 
remainder of the data has been received, I will complete the other Result Tables and forward them to you. 

Piease review the enclosed table carehlly. If you have any questions, or would like any changes, please 
do not hesitate to contact me at 526-9705 or Lotus Notes ECO. 

Enclosure 

cc: Carolyn S. Btackmore, MS 3953 
Mary W. Hudson, MS 3960 
Donna R. Kirchner (40 Encl), MS 3 9 6 w  
WAG-1 Sampling (V-Tanks) Project File 
Project File WAGI-03 
Project File WAG1-04 
Edna C. Johnsen File 
File Code 6404 

... .' 
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TECH N I CAI, FA EM0 RAN D U i\il FO R TX E 
WAG 3 AND WAG 10 SOILS TREATABILITY STUDY 

PHYSICAL SEPARATION OF RADIONUCLIDES IN SdILS 

I .O INTRODUCTION 

This technic$ rnemorxdum scrrrn~z:s the resuls of the Firs: phase of invesdg3con 
under the Was:: X n a  Grocp (VAG 3) and WAG IC Soils Trcatabiiiry Study (TS). Tnz 
objectrve of the *;irst phase of the WAG 3 and WAG IO TS is to dernonsrnte w h e ~ e r  or not 
radionuclides can be mecSanical1y separated from soils at che I&o Xational En,$.nrcring 
Labomtory (PZL) and rn&c recornmendxions for fucurt work. Lf rneckanical sepanrion of 
rxhonuclides can be economicdiy performed on soils 5om me then volume reduccon Of 

radioactively contaminated soil at the E E L  may be a viable ueament opdon worthy of furiirr 
consideration. 

To facilitate environmental remediation efforts, the NEL is divided into 10 WAGS which 
are funher subdivided into opectble units (OUs). WAGs 1 through 9 generally correspond to 
IhZL operational facilities (Fi,gure I-I), while WAG 10 corresponds to ovenli  conccrns 
associated with the Snake a v e r  Plain Aquifer (SFPA) in the bounds of the facility-specific 
WAGs. The boundary of WAG 10 is the hEL boundary, or beyond, as nectssary to encompass 
red or potential impact from LNEL acriviries ( IDHW 199 1). 

Sampling was performed in mas of suspected radionuclide commination in soils from 
sites inside and outside of exisnng OUs. Remedial Project Managers (RPMs) of the U.S. 
D e p m e n t  of Energy (DOE), Idaho Opemuons Office (DOE-ID), U.S. Environmental 
Protecnon Agency (EPA), Region X, and the Idaho D e p m e n t  of Health and Welfare (IDHW) 
reviewed avaiiriblr information regarding radionuclide contaminated soils (RCS) at the INEL 
that xc outside existing OUs and determined siies where unacctpuble risks to human health or 
the envhnment  may exist. Inside OUs, a r e s  which may have elevated radionuclide 
conminauon in soils and couid potentially pose a higher risk were selected for sampling. 
Surface soils betwetn ranging in depth from 0 to 0.3 rn (0 and 1 ft)  below land surface (bis) were 
sampled from the selected locations. Physical sepantion of panicle size fractions was xhieved 
by wet sieving the samples. The individual panicle size fractions were analyzed for ndonuclide 
indicators and specific radionuclides. Sample aliquots were subjected to mechanical armuon and 
the effec: of xmnon  on rzbonuclide disribution in the individual panicle size fractions was 
evd uxe d. 



3ample Log N u m k  
TCUV TSF-09 
Plr,c!e Size Discbution 

Sieve 
- 4  
7 10 - 40 
+lo0 
+zoo 
4 
Fina  
Toul 

Grms 
558.70 
lWil 
L l - . l l  

37223 
354.54 
293.00 
519.07 
1473.56 

--i 

RlCionuclide Discibudon CpCifg) 

Tare 
103.64 
14.76 
195.a 
191.48 
194.90 
193.52 
7245 
976.45 

Vet 
455.06 
79.35 
76.51 
130.75 
159.94 

45.62 
1497.11 

99.38 

Wt 5 
30.1 

100.0 

Alpha 
2194 
4 10.8 
1-52 
1684.7 
23 19.s 
3238.7 

1’1u’L3 
445.6 

-- 
Beu CS- 

671 1.7 8 199.2 
13c63.1 1 3729.7 
3315.3 19919.9 
5675d.9 61081.1 
80630.6 70270.3 
11126i.3 88918.9 
416216.2 4621622 
IsOTIO.5 163047.7 

Sample Log Number: 

Pmclc  Site Dismbuuon 

090313 after arnrion 
TAV TSF-09 

Radionuclide Dismbuuon (pCi/g) 

Sieve 
+ 4  
+ 10 
+ 40 
+lo0 
+zoo 
4 0 0  
Fines 
T o d  

G m  
404.79 
89.16 
89.67 
334.79 
327.23 
112.17 
454.4 1 
181222 

Tam 
104.30 
24.50 
20.79 

1 !n2.97 
1 93.30 
20.53 
7215 

62S.W 

68.88 
14 1.52 12.0 
133.93 
91.64 
382.26 323 

Alpha 
123.0 
165.3 
8153 
1220.7 
2121.6 
3085.6 
1234TJ 
4698.0 

Beta 
3828.5 
523.2 
zw.5 
38198.2 
68018.0 
103603.6 
385738.7 
148553.1 

Cs-137 
2861.9 
101612 
18864.9 
44324.3 
7108 1.1 
12oooo.o 

175 120.3 
46.1863.9 

Avg cs 
5199.2 
9016.3 
1190.9 
,SI92 
M799.J 
36293.1 
163047.7 

* 

Avg c s  
354.9 
4 160.3 
6492.9 
15806.7 
26233.6 
36952.9 
175120.3 

Average Cs = Calculated weighted average conctnmtion of ccsium for composite 
soil hct ion  grcarcr than or qual u) sieve size shown. For example. activity 
shown on 4 0  mesh line is the average activity for all materials above 40 mesh. 



SIEVE DATA 



SCREEN 
_-_-- 

2 0 0 0  
a 5 0  
4 25 
2 5 0  
1 oi 
7 5  

A982020125  
SOIL  
C R O S S  

_--- 
110.5  1 0 6  
180.38013 
179 ,63011  
1 7 5 . 2 7 0 6  
1 8 2  * 1 0 0 0  
:71.49Erl  

TARE 
- 

2 0 0 . 6 6  
EMPTY X YT 
--. -- 

1 6 4 . 1 6 0 O  2.10 
1 6 9 . 1 6 0 0  2 3 . 6 1  
1 6 9 . 1 6 0 0  2 0 . 9 4  
1 6 9 . 1 6 0 0  1 2 . 2 2  
1 6 9 . 1 6 0 0  2 5 . 8 9  
1 6 9 . 1 6 0 0  1.66 

7-3/- 9 g 



----- - 
2 0 8 . 8 1  120.1 

SCilEEN P U L L  EHPTF x UT 
_--- ---- ---- - 
2000 . 197.4100 169.1600 32.11 
950 189.3500 169.1600 22.90 
4 25 119.5200 169.1600 11,15 
25G 1 1 4 . 1 5 0 0  169.1600 6.34 
106 !?9.3500 169.1600 11.56 
‘15 11 3.2200 16 9,lSOO 4.62 



R E Q .  N O .  
H A T E R I A L  
SAHF U T  

A 9 8  1 9 0 0 1 2 4  
SOIL 
C R O S S  TARE 
----- -- 

2 0 1 . 4  11!,88 
FULL E H P T P  Z YT 

1 8 2 . R 2 0 0  1 6 5 . 1 6 0 0  1 1 . 7 7  
1 9 1  .i200 1 6 9 . 1 6 0 0  2 1 . 2 2  
; E L  . t i 5 0 0  1 6 9 . 1 6 0 0  1 4 . 1 1  
1 ’15.3700 1 6 9 . 1 6 0 0  1 . 5 3  
1 8 3  I 8 1 0 0  1 6 9 . 1 6 0 0  17 .15  
1 1 2 . 5 5 0 0  1 6 3 . 1 6 0 0  4 . 1 1  

---- ---- -- 



SIEVE DATA 



31 ff 40 

REP. NO.  A982020125  
H!TCiIAL SOIL 
:!,hP UT GROSS TARE 

----- - 
2 5 0 . 6 5  2 0 0 . 6 6  

S C XEE tJ FULL EHPTY X UT 

2 0 0 0  110.51OG 1 6 5  I 1606 2 . 1 0  
3 5 0  1 8 0 . 3 8 0 0  1 6 9 . 1 6 0 0  2 3 . 6 i  
I 2 5  179 .0 '30 t  1 6 9 . 1 6 0 0  2 0 . 9 4  
250 1 7 5 . 2 1 0 G  1 6 9 , 1 6 0 0  1 2 . 2 2  
1 0 5  182.lOOO 1 6 9 . 1 6 0 0  2 5 . 8 9  
15 ~ ? l a 4 9 b l l  1 6 9 . 1 6 0 0  4 . 6 6  

__--- ---- -~ 

PERCENT UEIGHT FIFES 9 .94  1 9 9 4  

7-3/- 9 6' 



----- - 
208.1'1 120.7  

SCREEN PULL EHPTF II UT 
---- ---- - _---- 

2000 191.1700 169.1600 32.11 
950 189 #3500 169.1600 22.90 
425 119.5200 169.1600 11,?5 
25[i 114.7500 169.1600 6.34 
106 ! 1 9 . 3 5 0 0  169.1600 11.56 
15 113.2200 169.1600 4.62 

32 w 4 0  

7 - 3 1 -  99 

P E R C E N T  UEIGYT FINES IO. 72929  



R E Q .  NO.  A 9 8  1900124 
HAT E RI A L 
SAHF UT CROSS 

SOIL 

----- 
2 0 1 . 4  

SCREEN FULL 

? E R C E t I T  YEIGHT FINES 

T A R E  
-- 

118.88 
EHPiY Z YT 
----- -- 

165.1600 17.77 
169.1600 27.22 
169.1600 14.11 

1 . 5 3  169,1600 
169.1600 
169.1600 

11.46391 

7 . 7 5  
k.ll 

7-3/- 96‘ 

c, 



----- 
1 9 6 . 8 3  

SCREEN FULL 
---___ --- 

2 0 0 0  1 1 3 . 9 6 0 0  
350 1 3 1 . 6 3 0 0  
4 2 :  1 8 0.3 2Cr) 
250 116, ! 5 0 0  

7 5  1 7 1 . 4 2 9 6  
106 l81.5100 

PEECENT VEIU”H’7 TINES 

-- ---- 
1 6 9 . 1 6 0 0  18 .99  
1 6 9 . 1 6 0 0  2 8 . 8 3  
1 6 9 . 1 6 0 0  1 4 . 3 2  
169.1EOO 8 . 9 4  
169. I600 1 5 . 9 3  
1 6 1 . 1 6 0 0  2 . 9 0  

IO. C562: 



R E Q .  NO. A9819C013?  
HATER: At SOIL 
S A K ?  YT GROSS TARE 

-- 
1 9 3 . 8 1  1 1 8 . 9 2  

SCREEN FULL EWPTY X WT 

2 0 0 0  . 1 7 0 . 1 0 0 0  1 6 9 . 1 6 0 0  1 . 2 6  
8 5 0  362.3000 1 6 9 . 1 6 0 0  11.55 
: 2 5  1 8 4 . 4 1 0 0  1 6 9 . 1 6 0 0  20.!; 
250  1 7 8 . 4 1 0 0  1 6 9 . 1 6 0 0  1Z .44  
! 0 6  1 9 1 . 5 2 0 0  1 6 9 .  lESu 2 4 . 5 2  
15 1 1 2 . 4 4 0 0  !5j. 1 6 0 0  4 . 3 8  

-- - ----- -- 

7 -31-99 
I 

PEECENT WEIGHT F I h ’ E r  1 9 . 4 1 5 1 5  



rench Shields- T 
Speed Shore otters the most advanced line of trench shielding products available. Built to last, these shields are 
designed and certified by Registered Professional Engineers to optimize strength-to-weight ratios while maintaining 
minimal sidewall thickness. 

Standard shields are available with 3' to 8" thick walls in a full array of heights ani3 lengths. The comprehensive 
line of trench shields includes economical Single-Wall Shields for less extreme lateral pressures, specially designed 
Manhole Shields, and the popular heavy-duty Double-Wall Shields. Complete custom capabilities are atso available 
to analyze and optimize shields to your specific needs. 

Unique Speed Shore features include: replaceable push blocks to protect the integrity of the structure, high-tensile 
steel reinforcement plates for added strength in critical spreader socket areas, and a variety of industry options that 
are included as Speed Shore sbnhfdfeaufes. Such features make Speed Shore trench shields the pretmedchuice 
for maximum productivity and safety in the trenches. 

Speed Shore Shields 
Optimize Safety and 
Productivity. 

Replaceable Push Blocks 
protect your structure whsn pushing the 
shield to grade. Damaged sections are 
readily replaced with no modhmon to 
shield strucfure. 

for added strength and puncture resistance 
in critical spreader socket areas. 

(standard on most Double-Walt Shields) for 
optimum versatility in spreader placement. 

assure proper alignment of stacked stiields. 

penetrate end vertical supports for added 
strength and durability. 

Easy-Access Lining Pockets 
for ease of handling. 

m Certlflcation Ptate 
for quick refefence to shield size, serial 
number and RE.-Certified capaclty. 

1/2" Steel Reinforcement Plates 

u 5 Spreader Sockets 

m Heavy-Duty Stacking Sockets 

8 Thru-Wall Spreader Sockets 

PIONEERING TFSNCH SA~FETY 



rench Shield Features 
REPWE4BLE wslc ClOtl!3 

111' HlGw-TmSILE STEEL 
REINFORGEMEM PLATES 

T 
EASY-ACCESS WING m m s  

H E w w u T Y  
Sf~tf f lNO SOCKETS 

~ E I N F O R C H ]  THRU-WtlL 
SPRWER SOCKETS 

HfAW-DUPI PULLING EYES 

OCISK-CONNLCT 
PNS LND KEEmS 

-w TYPlCAL DOUBLE-WALL SHIELD e 

FUT SHIELD BOnOMS P 
'REINFORCED *MUSIM- 

R B l S T A N l  KnlFE-EDG€ 
AVAIUBLE AT NO CHlVIcT. 

/ 



~ ~ b l e - W a l l  mncn snreias 3w4* 

Q” Double-Wall 

6” Dou blc-W all 
~~ 

I I I SHIELD I AUOWABLEDEPTH 1 

8” Dou ble-Wall 

Spreader Sets’ 



3 O F W  Single-Wail mncn Snieius 
3" Economy Single-Wall 

I I I PIPE I I 8HlELD 1 ALLOWABLEOEPTH 1 I MODEL  DIMENSIONS I CLEARANCE I WEIBHT I CAPACITY I ( F I . ) ~ + ~ -  I 

U'' Heavy-Duty Slngle-Wall 

Spreader Sets' 

MODELNO. I DESCRIPTION I wi'GyT M. 

&h4- 

Sbreadcr Sets' 

YE$ TREYCH'SHORlN6 
3855 South 70 
Salt Lake Clty, 
(801) 270-5821 h:-270-8175 



rch Spreaders 
I 

WEIQHT 
(1bS.) 

TS-ARCH 

10' Enonsion I 1085 

Pioneer of the World's Mosf Advanced Trench Safe 

Q s p & I = I I ~ ~ ~ ~ ~ l i o l ? l ~ ~  
PIONEERING TRENCH SAFETY 

.* I,- 3330 S. SAM HOUSTON PKW E. HOUSTON IuCaS no47 
(??%b'JfsO . FPX (713)943-$4&3 . USATOLL Fhtt: l+W-231-MK? 

wu;.spee&hore.com 





CALCULATION COVER SHEET 

Project: 
INEEL V-Tank Remediation Project 

Number of 
Sheets: 

1 O f 5  
Site: 

Calculation 
Number: 

Subject: 

Rev #: 

RAA 

INEEL Test Area North, Idaho Falls, Idaho 

Work Order 
ABQOG - CEO02 Number: 12393.002.001 

Excavation - Estimated Excavated Soil VolumelStorage Requirements 

Date: Revision: Calculated by: Checked by: Approved : 

60% Rob Ederer 

RAB 

RAC 

513 1 IO 1 90% Rob Ederer Berg Keshian Berg Keshian 

612710 1 90% Polish Berg Keshian D. Brennecke B. Keshian 

RAD 

Q \WP\INEEL Drafl Final\Calculations Drafl Final\ABQ06CE002 RAD\ABC!O6-CE002 WID doc 

I I I ,A 

D. Brennecke p/d/4i&!J 9/27/01 Draft Final Berg Keshian 



2 OF 5 
SHEET of - 

CLIENT/SUB JECT W.O. NO. 

TASK DESCRIPTION TASK NO. 

PREPARED BY %-bsg>A DEPT 

MATH CHECK BY DEPT DATE 

METHOD REV. BY DEPT DATE DEPT-DATE 

Problem Statement: 
Estimate the volume of excavated soil, soil container capacity, and quantity of 
containers. 

Method of Solution: 
1. Estimate the weight of soil and compare to weight capacity of the bags. 
2. Estimate the volume of soil to be excavated. 
3. Estimate the number of bags required. 

Assumptions : 
Average dry soil density if 95.5 pcf. 

Soil bag capacity is 25- c&d c& 
Sourc s f Formulas and References: 

LiftBag Product Literature 
Design Drawings 

Average total density is 11 1 pcf. C? . Lb.2g; &+flM 

. 

INEEL-60WEngineering ?> Data - Soils test results (see Calculation ABQ05 - CE001) 

Calculation: 



3 d g  
SHEET- of - 

PREPARED BY DEPT DATE 
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ClientlSubject: INEEL-BBWI / V-tank Removal Proiect W.O. No.:12393.002.001 
Task Description: Lifting Requirements 
Prepared by: R. Ederer 

Task: 90% Design Calc 

Problem Statement: 
Evaluate the lifting requirements of the V-I,  2, 3, and V-9 tanks. Consider lifting of shipping 
casks, concrete rad-vault, and soil bags. 

Method of Solution: 
1. Estimate the tank surface area. 
2. Estimate thickness of the steel. 
3. Estimate the tank weight. 

I. The tanks are stainless steel (type 304 for this analysis) 
2. The V-I, 2, 3 tanks are 10 ft. diameter and 19.5 ft. long. 
3. The V-9 tanks is 3.5 ft diameter by 5.5 ft to top of cone section, cone is 1.75' long. 

Sources of Formulas and References: 
0 

0 Design Drawings 
0 

Grove Hydraulic Crane Product literature 

Duratek shipping container and vault literature 
"Lift Liner" system product literature 

Calculation: 

A. Calculate the expected weiqht of V-I,  V-2. and V-3 Tanks 

1. Determine the surface area of the tanks. 

Dia tank := 10 L tank := 19.5 
2 

785 sf Dia tank 
:= / Dia tankmL tank + 2.x.- 

4 
Area 

0.25 
shell :=y Assume the tank thickness: 

2. Determine the tank weight 

Vol sst 16.35 Cf Steel volume is: "01 sst :=t shell'Area surface 

Assume the density of Type 304 stainless steel is: 

sg sst := 8.04 p sst := sg sst.62.4 psst 501.7 pcf 



The tank weight is: 

tank :=f'sst'vO1 sst ' tank 8203 lbs 

Assume approximately 2" of liquid or sludge left in the tank when lifted. 

S r : = 5  a:=- a = 0.033 2 
12 r 

s :=- 

! I ' 2  W liquid := (0.5.r .a- sin( a) 1 -L tank'( 62.4.1.2) W=601 Ibs 

Mttpt tank weight for fittings, flanges, and miscellaeous piping (1,000 Ibs). 

Mj%T 

B. Estimate the weight of the V-9 tank. To be conservative and simplify the calculation, assume 
the cone section is a cylinder. 

Dia tank.v9 :=4  L tank.v9 := 5 f 1.5 

0.25 
shell :=y Assume the tank thickness: 

2. Determine the tank weight 

'01 sst.v9 :=t shell'Area surface.v9 vO' sst.v9 =' 2.11 cf Steel volume is: 

Assume the density of Type 304 stainless steel is: 

Sg sst lZ8.04 psst :=sg sst.62.4 psst 501.7 pcf 

The tank weight is: 

tank.v9 := p sst'Vol sst.v9 w tank.v9 = 8 OlO63 Ibs 

Adujst tank weight for fittings, flanges, and miscellaeous piping (500 Ibs). 

tank.v9 := tank.v9 f 500 1563 Ibs 



C. Evaluate the lifting requirements for the tanks. 

1. In summary, the weight of each tanks is: 

V-I, V-2, and V-3 (each): 

Design lifting for V-l ,2 ,  8 3 tanks 

W.tank =9804 Ibs 

2. Assume the tanks are placed in granular fill material (cohesion = 0), with no groundwater 
therefore neglect the suction required to overcome the capillary forces. 

c : = o  c a : = ~ . 0 . 9  

3. Add the force to overcome soil friction. Assume the soil rises to the springline of the tank (5'). 

a. Determine the active soil force on the tank 

y soil := 11 1 pcf H :=5 I$ :=32.deg 

p vertical :=y soil.H 

P active : = K  a'p vertical 

= I 555 

Pact ive=l  172 pSf 

b. Determine the skin friction coefficient on the tank. 

6 := 17.deg Ca := 0.9 f :=c  a + P active.tan( 6) f = I 53.5 psf 

c. Estimate the surface area of the tank in contact with soil. 

s tank = I 0306 sf (19.5 *lo) 
2 

d. Estimate the breaking force to overcome the soil friction 

4. Estimate the lifting requirement for removing the largest tank. 

Lift capacity := ' tankf break ' 'I Lift capacity :=26191 Ibs or 13.1 tons 

9804 + 16387 



Discussion 
Summary of calcs: 

weight of each V-I, V-2, and V-3 tanks (tons): W ea.tank=4.9 tons 

0.781 tons weight of V-9 tank (tons): tank.v9 

13.1 tons Tank lifting capacity required (tons) Lift capacity 

Ab 
Select a Grove RT650E -Rough Temain Hydraulic Crane or equal. A cut sheet is 
included as Attachment 1. This crane will be adequate for other lifting requirements on the job 
such as the "Rad Vault 8-120" with loaded HIC (66,700 Ibs + 7,500 Ibs = 74,200 Ibs), 
DURATEK CNS 8-1208 Type B shipping casks (49,300 Ibs, empty; 63,980 Ibs w/maximum 
payload) and soil bags (24,000 Ibs). 





Dimensions 

I -G r l  

Y Y N 

Note: ( ) Reference dimensions in mm 

2 RTGOOE Series 



RT650E RATED LIFTING CAPACITIES IN POUNDS 
33 FT. - 105 FT. BOOM 

ON OUTRIGGERS FULLY EXTENDED - 360" 

lo 

l 2  

l5 

2o 

qc 

I Radius] #0001 I 

100,000 80.550 67,250 
(69.5) (73.5) (77) 
87,100 79,150 64,200 '56,100 
(65.5) (70.5) (75) (78) 
69,050 69,550 59,950 51,800 45.200 
(59.5) (65.5) (71) (75) (77.5) 
50,500 50,950 51,400 44,500 38,550 34,450 '31,400 

38,300 38,850 39,350 39,650 37,100 29.850 27.250 21.000 18.350 
(47.5) (57) (64.5) (69.5) (73) (75.5) (78) 

I L I 

80 

a5 

90 

95 

~ ~ ~ ~~~ 

Main Boom Length in Feet 

40 I 50 I 60 1 70 I 80 I 90 I 100 1 105 

5,130 5.380 5,490 
(23) (35.5) (40) 

4,580 4,720 
(29.5) (35) 
3,880 4,020 
(22) (29) 

3,400 
(21.5) 

Minimum boom angle (") for indicated length (no load) 
Maxmwn boom length (R.) at 0" boom angle (no load) 

0 
105 

I " I (  28.2) I (35) I ( 45) I ( 55) I ( 65) I ( 75) I ( 85) I ( 95) I 1 
NOTE: ( ) Reference radii in feet A6-829-100936 

Boom 
Angle 

no 

6 

Main Boom Length in Feet 

33 40 50 60 70 I 80 I 90 I 100 I 
16,250 12,500 8,780 6,290 4,510 I 3,160 I 2,110 I 1.260 I 

RTWOE Series 



RTGOOE SERIES ON RUBBER CAPACITIES 

Radius 
in 

STATIO NARY CAPAC IT1 ES 
360" 

#9005 

Main Boom Lenath in Feet 
I Radius I 

Feet I in 

ROO5 
~~ 

Main Boom Lerglh in Feet 
40 I 50 I 60 I 70 33 I 

1 

lo 

l2 

l5 

I I I 

~~ 

46,600 40,800 34,600 
(69.5) (73.5) (77) 

40,800 40,800 34,600 
(65.5) (70.5) (74.5) 
34,000 34,000 34.000 26,650 21,500 
(59.5) 165.51 (711 (75.5) (78) 

38,550 
lo I (69.5) 

38,550 
(73.5) 

32.550 
l2 I (65.5) 

I ~= I 23,700 I 23,700 I 23,700 I 23,700 I I 

32,550 32,550 
(70.5) (74.5) 

13 

c)n 

40 

(59.5) (65.5) (71) (75.5) 
I 

14,450 14,450 14,450 14.450 14,450 

25 

2o 

~c 

30 

35 

40 

- 
- 

26,050 26,050 26,050 26,050 21,500 
(47.5) (57) (64.5) (70) (73.5) 
18,200 18,200 18,200 18,200 18,200 I 9,640 9,640 + (34.5) 

(32) 
La 

sn 

i- 
(65) (69.5) 

13,100 13,100 13,100 13,100 
(47) (58) 

~~ 

I I 4,850 I 4,850 I 4.850 

.Jv 

35 

40 

45 
I I (30.5) I 146.5) I (54.5) 

(34.5) (50) (59) (64.5) 
10,050 10,050 10,050 
(41.5) (53) (60) 
7,900 7,900 7,900 
(30.5) (46.5) (54.5) 

6,290 6,290 
(38.5) (49) 

IMin boom angle (") for indicated length (rn bad) ~ I 3 0 1  

On Rubber - 360" 

~~~ ~ 

Max boom length (fl.) at 0" boom angle (no bad) I 6 0 1  
NOTE: ( ) Boom angles are in degrees. 
#LMI operating code. Refer to LMI manual for operating 
instructions. 

I Lifting Capacities at Zero Degree Boom Angle 1 
instructions. 

Boom 
Angle 33 I 40 I 50 1 

Main Boom Length in Feet 

: 1 

- 
I 40 I 50 I 60 I 70 

Feet 33 

7,580 
(28.2) 0" 4,850 2,410 

(35) (45) Boom 
Angle 

OD 

Main Boom Length in Feet 
33 40 50 60 70 

14,550 10,050 6,290 4,060 2,590 
(28.2) (35) (45) (55) (65) 

Win. boom angle (") for indicated length (no load) I 0 I 
~- I 70 Wax boom length (R.) at 0" boom angle (no load) 

VOTE: ( ) Boom angles are in degrees. 

NOTE: ( ) Reference radii in feet A6-329-100836A 

RTBOOE Series 9 
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DETERMINATION OF WATER 50uFZLE5 

Item 
Sources of water 

v- i 
w-2 
v.3 
w-9 
Decon 
Runoff 
Rinse 

Total water volume 

Vafue Units - 

1 I64 gallons 
1076 gallons 
7648 gallons 

70 gallons 
2000 gallons 

15000 gallons 
500 gailons 

27458 gallons 
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SHEET 
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item 
Tank diameter 
Tank length 
Sludge solid fraction 

DETERMINATION OF SLUDGE HIC 

Tanklsludge 

V-l 
v-2 
v-3 
V-9 

Total 

HICcapacity - 

Number of HlCs 

HIC's diameter 
Shield diameter 
Required arealeach 
Added logistics area 

. 4rea for HlCS 
rea for HIC-drum TX 

Total area required 
for sludge HlClDrum 
Filling 

Value Units 
10 feet 

19.3 feet 
0.65 

STORAGE AREA REQUIRED 

520 gallons 69 cubic feet 
520 gallons 69 cubic feet 
653 gallons 87 cubic feet 
250 gallons 33 cubic feet 

1943 gallons 259 cubic feet 

54 cubic feet (CNSI PL8-120 FPIFEDX at 55% capacQ) 
0 

5 feet (CNSI PL8-120 FP/FEDX) 

(One HIC needed for water polishing; sludges within 
individual tanks will not be mixed) 

9.5 feet 
156 square feet 

30% 
1625 square feet 
1625 square feet 

3250 square feet 

100 
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-+- 

I I I I I 

Empty S i z d y p e  
Polyethylene HlCs Weight Height Diameter 

(L bs.) (In.) (in.) 

PL6-80 MT 500 56.5 57 

PL6-80 MTlF 525 56.5 57 

lnternd 
Usable Vol. Disposal 

(cu ft.) Volume t 73.3 83.4 

PL6-80 FR 550 56.5 57 73.3 83.4 

PL6-80 FPlFEDX 625 56.5 57 73.5 83.4 

PL8- 120 MT 600 73.5 107.6 4 120.3 

PLS-120 MTlF 625 73.5 , 60 95 8 120.3 

?LB-I20 FR . 650 73.5 60 107.6 120.3 

Pt8-120 FPiFEDX 725 73 .j 6 0 1  IO7 6 120.3 

Ptl4-170 MT 800 71.5 72.5 j I50.3 170.8 
I 

PL14-170 iMTlF 850 71 .S 72.5 134.9 170.8 

PL14-170 FR 850 71.5 72.5 I 150.3 t 70.8 

PLl4-170 FPtFEDX I 1.000 ! 71.5 I 72.5 I 150.3 170.8 

PLl4-195 MT 78 74 I71 .? I % . !  

PLl4-195 LMTIF 900 78 74 1 54.6 194. I 

PLi4-195 FR 900 78 74 171.1 194.1 

PL14-195 FPIFEDX 1,050 78 74 171.4 L94.1 

PL.14-215 MT 1 JOO 78.375 76 189.2 205.3 

PL 14-2 15 MT[F 1JSo 78.375 76 171.7 205.8 

PL14-2ij FR 78.375 , 76 189.2 I 205.8 

PLl4-2iS FP/FEDX i ,400 75.375 76 205.8 

?I2 1-300 MT 1,100 108 I 80 285.1 3 14.2 

?L21-300 MTlF 1,175 IO8 80 262. i 3 14.2 

?L21-300 FR 1,150 80 235.1 3 11.2 

- 3 -  
(LLRW Container 2ez;ripr:sn) 
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2 of 33 

Basin Number Peak Discharge (CFS) 
1 0.027 
2 0.043 
3 0.123 
4 0.065 
5 0.06 
6 0.280 

Problem Statement: 

Storm water Volume (CF) 
116.2 
185.8 
299.7 
200 
149 
694 

Determine on-site storm water volumes that must be retained and size off-site storm water run-on control 
features. 

Method of Solution: 

Urban Hydrology for Small Watersheds, TR-55 
Haestad Methods - Flowmaster Software 

Ass u m pt i ons : 

Soil type is the same throughout the site 
Soil Hydrological Group is B 
Storm water runoff in the HIC/Drum Filling Area will be contain within its boundary by a berm. 
Storm water runoff in the Liquid Waste Storage Area will be contain within its’ boundary by a berm. 
The existing system carrying Storm water runoff from Basins 1 and 2 have the capacity to accept the flows. 

Sources of Formulas and References: 

INEEUBBWI Drawings 
Urban Hydrology for Small Watersheds, TR-55 
N O M  Atlas 2, Volume V, lsopluvials of 2yr.124 hr. Precipitation 
Site Photographs 
Information gathered from Site Visit 
Survey provided by INEEL 

Calculation: 

See Attachments 

Discussion: 

Six Basins were used to develop the storm water analysis for this site (see attached Basin Map). A 2yr/24hr 
storm was used to calculate the storm water volume and flow rate for each basin. All storm water will be kept 
on site. Offsite flows are diverted by the proposed V-ditches and discharge into existing systems. The new 
21 ” corrugated metal pipe culvert replacing the 8 and 15” pipe culverts crossing the site exceeds the capacity 
of the existing culverts. 

Storm water runoff from roof 616 will be captured in rain gutters and discharged offsite. 

Summary: 

O’\WP\INEEL Drafl FinaliCalculations Drafl FlnalUiBCX 0-CEO06 RACUiBQ10-CEO06 RAC.doc 
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V-Ditch at East Boundary: 
A one-foot deep v-ditch installed at 1 % grade will adequately handle peak discharge rates for Basins 1 and 2. 

21” CMP: 
Pipe can handle 7.0 cfs at 0.67% grade. Pipe can handle a drainage area of 5 acres if a 100-year 24-hour 
storm occurred. Pipe can handle a drainage area of 75 acres if a 2-year 24-hour storm occurred. Mapping 
was not available to determine actual size of drainage area but field inspection indicates that drainage area is 
less than 5 acres; therefore, 21” CMP should be more than adequate. 

O:\WPUNEEL Draft Final\Calculabons Drafi FinalUBQlO-CE006 RAC!ABQlOCEOOfi RAC.doc 
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Worksheet 2: Runoff curve number and runoff 
Proiect I BY Date 

Date Location 

/nee,! - V I  +am,t(Lz tZetnt=n,fifi ch el Eht-=>- d / f i / O  I 

lChecked /d&Ao F G h  /dbcL!o 

Check one: Present &eloped 

Sol mm 
ard 

h y d r 60 g c 
QlQlP 

(apetdk A) 

Cover elstrptbn 

(cow me. batmen a d  hylrobgcctndtiin; p e r t  
imperiou; unomebed/cmntEtedmpeviws aea fati+ 

f 

I 

1/ Use dyoneCN s w e  pelin? 

CN" 

Totals 1) 
- 
29 I 

Prodtct 
of 

CN =rei 

........................................ Frquacy Y 

Ranfdl, P (24hou) ........................... in 

Rurof, Q ........................................ in 
(Use RmdCN with tabel, figm2-1, OT 

eplaiors 2-3 ad 2 j  I 

I 2 I I 

5= / s o  
D-2 C N  '' ' '(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 
Project BY Date 

Location Checked Date 

he / - L/ fat3L.s e .  E h r s a m  5/ 2s /o / 

/do /70 FQ //SI /dG h 0 

Check one: 0 Present meveloped 

Check one: Ttthr ough subarea 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Segment ID / 
1. Surface description (table 3-1) ................................... a m  L’C: /h f~ - .. / 
2. Manning’s roughness coefficient, n (table 3-1) .......... . o / /  

4. Two-year 24-hour rainfall, P, .................................. in /. 1 

3. Flow length, L (total L t 300 ft) ................................. A / O D  

5. Land slope, s ........................................................ wft . .  / 3 / 3 

6. T~ = 0.007 (nL) 

I 
0.8 Compute Tt ......... hr ~ 0 ‘ 6  I + I  

segment ID I I 
..................... 

........................................................... 
7. Surface description (paved or unpaved) 

8. Flow length, L ft 

9. Watercourse slope, s ............................................ Wft 

10. Average velocity, V (figure 3-1) ............................. Ws 

11. T t=  L Compute Tt ........... hr 1 + I  =I 
3600 V 

Segment ID 
12. Cross sectional flow area, a ................................. A2 

13. Wetted perimeter, pw .............................................. ft 

14. Hydraulic radius, r= - Compute r ......................... ft 

15 Channel slope, s ..................................................... WA 

16. Manning’s roughness coefficient, n ............................ 
7. v =  1.49 r s ’‘ compute v ................ ~s 

88. Flowlength, L .......................................................... ft 

9. T t=  Compute Tt hr 

!O. Watershed or subarea Tc or Tt (add Tt in steps 6. 11, and 19) ....................................................... Hr . /o 

a 

Pw 

n 

.............. =E 3600 V 

(210-VI-TR-65, Second Ed., June 1986) 



Voject 

Location 

Check one: 

BY Date 

Checked Date 

0 Present 

4. Initial abstraction, la ..................................................................... in 

1. Data 

.......................................... - 0 0605 mi2 (acres/Mo) Drainage area Am - 
Runoff curve number ................................ .CN = . 79 (From worksheet 2) 

hr (From worksheet 3) Time of concentration ................................. T, = 10 

Rainfall distribution ....................................... - - /f ( I ,  IA, It Ill) 
Pond and swamp areas sprea 
throughout watershed ................................... - 0  - percent of A, ( acres or mi2 covered) 

0 0 5 3 Z  . I 

t I I I 

6. Unit peak discharge, qu ........................................................ csm/in 

2. Frequency .................................................................................... yr 

3. Rainfall, P (24-hour) .................................................................... in 

595 1 
7. Runoff, Q in ...................................................................................... I O  1 

(21CLVI-TR-55, Second Ed., June 1986) 

........................................... 



Worksheet 2: Runoff curve number and runoff 
Date 1 Project 

Location Checked Date 

Check one: Present Developed d a s  10 

Totals 1.5/MI 39. ~7 
Use dgmeCN s w e  pelire 

Stam #n Stam .ie stm 8 

........................................ Frqumcy yr 2 
Ranfdl, P (24hou) in 1. / ........................... 

........................................ 0 .  /Q Rumf, Q in 
(Use RmdCN with tPPl,  figre2-1, Q 

egrEtiors 2-3 ad 29 

(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 
Project BY Date 

iocation , Checked I 
Check one: 0 Present a Developed 

Check one: 

Notes: Space for as many as two segments per flow type can be used lor each worksheet. 
Include a map, schematic, or description of flow segments. 

[7 Tc 0 Ttthr ough subarea 

Segment ID / I 
................................... 

.......... 
1. Surface description (table 3-1) 

, 2. Manning's roughness coefficient, n (table 3-1) 

3. Flow length, L (total L t 300 ft) ................................. ft 

4. Two-year 24-hour rainfall, P, .................................. in 

5. Land slope, s ........................................................ fVft I / 3  I 
6. Tt = 0.007 (nL) 

0.0 Compute Tt ......... hr G / b  1 + I  
p, 0.5 $.4 mid, 7 = 

Segment IO 

7. Surface description (paved or unpaved) ..................... 
8. Flow length, L ........................................................... f t  

9. Watercourse slope, s ............................................ ft/ft 

10. Average velocity, V (figure 3-1) ............................. Ws 

11. Tt= Compute Tt ........... hr I + I  =I 
3600 v 

Segment iD 
12. Cross sectional flow area, a ................................. ftz 

13. Wetted perimeter, pw .............................................. ft 

14. Hydraulic radius, r= - Compute r ......................... ft 

16. Manning's roughness coefficient, n ............................ 

a 

Pw 15 Channel slope, s ..................................................... Wft I 
17. V = 1.49 r 2/3 S "' Compute V ................ ft/s I 
t9. Tt=  Compute Tt .............. hr 1 + I  

n 
18. Fbwiength, L .......................................................... f l  

3600 V 
20. Watershed or subarea T, or Tt (add Tt in steps 6, 11, and 19) ....................................................... Hr 

(210-VI-TR-65, Second Ed., June 1986) 



Worksheet 4: Graphical Peak Discharge method 
Date I By 'roject 

Location 

- I  

Checked Date 

1. Data 

Drainage area .......................................... A, = 0. DDO 8 

Runoff curve number ................................. CN = 

Time of concentration ................................. T, = 

Rainfall distribution ....................................... - - 11 ( I ,  IA. II Ill) 

Pond and swamp areas sprea 
throughout watershed ................................... - 0  - 

mi2 (acred640) 

(From worksheet 2) 

hr (From worksheet 3) 

7 4 

110 

percent of A, ( acres or miz covered) 

..................................................................... in 

.................................................................................... 

3. Rainfall, P (24-hour) .................................................................... in 

2. Frequency 

5. Compute la/P .................................................................................. # 56  I 
6. Unit peak discharge, qu ........................................................ csrnfin 550 

~ ~~ 

(210-VI-TR-55, Second Ed., June 1986) 

7. Runoff, Q ...................................................................................... in 113 

........................................... I 



Worksheet 2: Runoff curve number and runoff 
Date I By 

Project 

I 
Locatton /Checked Date 

Checkone: D P r e s e n t  0 Developed d f i s  3 

Sol ram 
ard 

h ydrbgc 
QrUP 

(aperdk A) 

Cover &clptbn 

(cow we. tpatmeh ard hyhbgccmdtiDn; pazrt 
irnperiou; unornededlcmntEtedrnpwicus a w  rat4 

x 
m 
m 
ii 
3 

- 

- 

Totals e Use dycneCN socce pelire 

Prodct 
of 

CN wrea 

........................................ Frqumcy yr 

Ranfd1,P (24hou) ........................... in 

Rumf, Q ........................................ in 
(Use W C N  with tabel, fiWre2-1,ar 
eqrstjors 2-3 ad 2$ 

1 ' 4 3  I I 

D-2 (210-VI-TR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (Tc) or travel time (Tt) 
BY Date 

Location Checked Date 

'rojed 

Check one: Present Developed 

Check one: 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

UT, 0 Ttthr ough subarea 

Segment ID 
1. Surface description (table 3-1) ................................... 
2. Manning's roughness Coefficient, n (table 3-1) .......... 
3. Flow length, L (total L t 300 ft) ................................. ft 

4. Two-year 24-hour rainfall, P, .................................. in 

5. Land slope, s ........................................................ ft/ft 

6. Tt = 0.007 (nL) Compute Tt ......... hr 
p, 0.5 ~ 0 . 4  

0 I 
Q I + I  

715 . / n  

Segment ID 
7. Surface description (paved or unpaved) ..................... 
3. Flow length, L ........................................................... ft 

3. Watercourse slope, s ............................................ fvft 

IO. Average velocity, V (figure 3-1) ............................. ft/s 

........... Compute Tt hr I + I  - =I 11. Tt= L 
3600 V 

Segment ID 
2. Cross sectional flow area, a ................................. ft2 

3. Wetted perimeter, pw .............................................. ft 

4. Hydraulic radius, r= - Compute r ......................... ft 
a 

. 
5 Channel slope, s Pw ft/ft ..................................................... 

............................ 
................ 

.......................................................... 
.............. 

6. Manning's roughness coefficient, n 
7. v = 1.49 2/3 s Compute v ft/s 

n 
E. Fbw-kngth, L ft 

9. Tt= Compute Ti hr 

D. Watershed or subarea Tc or Tt (add Tt in steps 6, 11 , and 19) ....................................................... Hr 
3600 V 

(210-VI-TR-65, Second Ed., June 1986) 



aroject BY 

Location Checked 

1. Data 

Drainage area .......................................... A, = . DOC- 3 mi2 (acred640) 

Runoff curve number ................................. CN = 91 (From worksheet 2) 

Time of concentration ................................. Tc = 

Rainfall distribution - - \ I  (I, IA, II 111) 

Pond and swamp areas sprea 
throughout watershed ................................... - - 0 percent of Am ( acres or mi2 covered) 

‘ ‘ hr (From worksheet 3) 

....................................... 

Date 

Date 

2. Frequency .................................................................................... 

3. Rainfall, P (24-hour) .................................................................... in 

0 

.................................................................................. 

6. Unit peak discharge, qu ........................................................ csmhn q50 

l Y 3  

(UseTc and Ia/P with exhibit 4- I \  ) 

7. Runoff, Q ...................................................................................... in I 
(From worksheet 2) Figure 2-6 

1 

6 
8. Pond and swamp adjustment factor, F, ........................................... 

(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Date I By 

'rojec t 

I 

Date lChecked -0cation 

Check one: 0 Present 0 Developed BAS/& 4 

Sol ram 
ard 

hydrbogc 
QraP 

(aFperdk4 

6 

~ 

Cover &@tbn 

Totals I) ll Use clgmeCN s w e  pelim 

Area 

d e s  
0 mi2 

0% 

Prodct 
of 

CN mea 

........................................ Frqumcy Yr 
Ranfdl, P (24bou) ........................... in 

Rumf, Q ........................................ in 
(Use WndCN with t&Pl, figre2-1, ar 
ewaliors 2-3 ad 2-9 

2 I I .  

9 -  0 . w  
(210-VI-TR-55, Second Ed., June 1986) 



lroject 

lChecked I Date 

Location , 

BY Date 

Check one: Present &eveloped 

Check one: 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

Ttthr ough subarea 

3. 

4. 

Flow length, L (total L t 300 ft) ................................. ft 

Two-year 24-hour rainfall, P, .................................. in 

5. Land slope, s Wft ........................................................ 

0 1 
1 

/ %  / 
0 

Segment ID 
7. 

8. Flow length. L ........................................................... ft 

9. Watercourse slope, s ............................................ Wft 

10. Average velocity, V (figure 3-1) ............................. Ws 

Surface description (paved or unpaved) ..................... 

11. T t=  L Compute Tt ........... hr I + I  

~ ~ ~ ~~ ~ 

(210-VI-TR-65, Second Ed., June 1986) 

Segment ID 
12. Cross sectional flow area, a ................................. f12 

13. Wetted perimeter, pw .............................................. ft 

14. Hydraulic radius, r= - Compute r ......................... ft 
a 

h 15 Channel slope, s ..................................................... fVft 
16. Manning's roughness coefficient, n ............................. 
17. V = 1.49 r 2/3 S lQ Compute V ................ fVs 

19. Tt=  Compute Tt hr 

n 
18. Flowlength, L .......................................................... ft 

.............. 

, 

. 

. I 

. 

. 1 
I + I  



Worksheet 4: Graphical Peak Discharge method 
BY 1 Date 

Location Checked Date 

Project 
, - 

Check one: 0 Present Developed 

1. Data 

Drainage area ......................_....................A, = 8 0 0 mi2 (acred640) 

Runoff curve number ................................. CN = 41 (From worksheet 2) 

Time of concentration ................................. T, = 

Rainfall distribution ....................................... - - I1 (1, IA, I I  111) 
Pond and swamp areas sprea 

I \ Q  hr (From worksheet 3) 

throughout watershed ................................... - - D percentofA,( acres or mi2 covered) 

2. Frequency .................................................................................... 

3. Rainfall, P (24-hour) .................................................................... in 

4. Initial abstraction, la ..................................................................... in 0 . 
(Use CN with table 4-1) 

5. Compute Ia/P ........................................ ................... 

6. Unit peak discharge, qu ........................................................ csm/in 1 qc 0 1 
(Use Tc and Ia/P with exhibit 4- ) 

7. Runoff, Q ...................................................................................... in 1 (-t 3 
(From worksheet 2) Figure 2-6 

8. Pond and swamp adjustment factor, Fp ........................................... 0 
(Use percent pond and swamp area 
with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

I 
9. Peak discharge, qp ft3/s I , 0 5 I ..................................................................... I 

(210-VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 
Date 

I 
/Checked Date 

I By 
Project 

Location 

Check one: 0 Present 0 Developed 6,4~/& 5 

Sol ram 
a d  

h ydrbgc 
QrUP 

(apetdk A) 

R 

B 

Cover dsuiptbn 

(cow we. tmtrneh a d  hylrcbgccmdtbn; p e r t  
irnperiou; unome&d/cmnctedrnpaviais aea fatie 

Use oCpmeCN s m e  pelire 
Totals 

Prodict 

CN m e ,  

8 . 3 2  

3 . 7 9  

/ Z  . 7 /  

........................................ Frqucncy 2 
Ranfdl, P(24hou) ........................... in 1 / .  / 
Rumf, Q ........................................ 

(Use b d C N  with tabel, figre2-I, cr 
eqJdors 2-3 ad 2-9 

53 / .49+3 
(210-VLTR-55, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (T,) or travel time (Tt) 
BY Date 

Location Checked Date 

'roject 

Check one. 0 Present 0 Developed 

Check one. 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 
Include a map, schematic, or description of flow segments. 

0 Tc 0 Ttthr ough subarea 

Segment ID 
1. Surface description (table 3-1) ...g mLC.!! ............ 
2. Manning's roughness coefficient, n (table 3-1) .......... 
3. Flow length, L (total L t 300 ft) ................................. ft 

4. Two-year 24-hour rainfall, P2 .................................. in 

5. Land slope, s ........................................................ Wft 

0.8 Compute Tt ......... hr 6 .  Tt = 0.007 (nL) 

Segment ID 
7. Surface description (paved or unpaved) ..................... 
3. Flow length, L ........................................................... ft 

3.  Watercourse slope, s ............................................ Wft 

IO. Average velocity, V (figure 3-1) ............................. Ws 

11. Tt= L hr ........... Compute Tt I + I  
3600 V 

=I 

Segment ID 
2. Cross sectional flow area, a ................................. ft2 

3. Wetted perimeter, pw .............................................. ft 

4. Hydraulic radius, r= - Compute r ......................... ft 

5 Channel slope, s ..................................................... Wft 

6. Manning's roughness coefficient, n ............................ 
7. v = 1.49 2/3 s '12 Compute v .............. . . ~ s  

8. Flow-kngth, L .......................................................... n 
9. Tt=  Compute TI .............. hr 

0. Watershed or subarea Tc or Tt (add Tt in steps 6, 11 , and 19) ....................................................... 

a 

Pw 

n 

3600 V 
Hr =E 6 , j o  

(210-VI-TR-65, Second Ed., June 1986) 



Worksheet 4: Graphical Peak Discharge method 
Date I By Project 

Location 
I 

I Checked 

Check one: 0 Present d v e l o p e d  

4. Initial abstraction, la ..................................................................... in 

1. Data 

Drainage area .......................................... A - OmZ4 mi2 (acred640) 

Runoff curve number ................................. CN = 37 (From worksheet 2) 

Time of concentration ................................. Tc = 

m -  

' ' ' hr (From worksheet 3) 

Rainfall distribution ....................................... - - I f  (I, IA, II 111) 

throughout watershed ................................... - - O percent of A, ( acres or mi2 covered) 
Pond and swamp areas sprea 

, 249 

2. Frequency .................................................................................... 

3. Rainfall, P (24-hour) .................................................................... 

5. Compute la/ P .................................................................................. .30 

6. Unit peak discharge, qu ........................................................ csmhn 930 

8. Pond and swamp adjustment factor, Fp ........................................... V 
(Use percent pond and swamp area 

7. Runoff, Q ...................................................................................... in 

with table 4-2. Factor is 1 .O for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp ..................................................................... ~ s l  06 I 
( Where qp = qu A, QF, 1 

%- V o \ d r n C  DF l 2 o n c c F  
\r= Q . 4  Am* 5 3 . 3 3  I 0034 AG-FT - - 149 c c  

(210-VI-TR-55. Second Ed., June 1986) 
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Worksheet 2: Runoff curve number and runoff 
Dale Project 

Location 1 Checked Date 

l e y  
Worksheet 2: Runoff curve number and runoff 

Dale Project 

Location 1 Checked Date 

l e y  
I I 

Check one: 0 Present a v e l o p e d  8As/d 6 

Sol ram Cover dssaetbn 
ard 

hydrbgc 
QrQlP x z  x 

a f f  
(cow we, ieatmeh a d  hy’lrobgcccndtbn; pazrt 
imperiou; unomeded/colncEtedmpevicus sea ratio = - m  cm L- 

(aperdkAJ 

Area 1 
of 

I ~ ~ n r e a  

7-57 I 65.677 

Frqumcy ...... .. . ... . .. .... .. ......_..... .... ... 
Ranfdl, P (24hou) ........................... in 

Rumf, Q ........................................ in 
(Use FhdCN with tabel, fiyre2-1, or 
eqrlors 2-3 ad 2$ 

s= / *  w43 
(210-VI-TRS5, Second Ed., June 1986) 



Worksheet 3: Time of Concentration (T,) or travel time (Tt) 
Date I By 

Prqect 

Checked Location I 
Date 

Segment ID 
Surface description (table 3-1) ..... &?J!?~.K.%! ........... 
Manning's roughness coefficient, n (table 3-1) .......... 

3. Flow length, L (total L f 300 fi) ft 
Two-year 24-hour rainfall, P, .................................. in 

1. 

2. 
J 

................................. 
4. 

- 1 2 

. n  > , " I /  

/ 2 0  I /70 ' 

Q J - 0  d P O  n r<. d e  

1. 1 / .  / . 

=I 

Segment ID 

7. Surface description (paved or unpaved) ..................... 
8. Flow length, L ........................................................... ft 

9. Watercourse slope, s ............................................ Wft 

10. Average velocity, V (figure 3-11 ............................. ft/s 

11. Tt= L Compute Tt ........... hr I + I  

(210-VI-TR-65, Second Ed., June 1986) 

Segment ID 

12. Cross sectional flow area, a ................................. ft2 

13. Wetted perimeter, pw .............................................. ft 

14. Hydraulic radius, r= - Compute r ......................... ft 

15 Channel slope, s ..................................................... #ft 

16. Manning's roughness coefficient, n ............................ 
17. v = 1.49 r 2/3 s ' j 2  Compute v ................ ws 

18. Fbwiength, L .......................................................... tt 

. 
a 

Pw 

1 

I n 

.............. =E 19. Tt= Compute Tt hr I + I  
3600 V 

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) ....................................................... Hr 0 t / 0 
I 



Worksheet 4: Graphical Peak Discharge method 
Dale I B y  'reject 

- 
-ocation I Oate 

Checked 

- 

Check one: 0 Present Developed 

5. Compute Ia IP .................................................................................. 

1. Data 

Drainage area .......................................... A, = c 0 C, 0 67- 

Runoff curve number ................................. CN = 89 (from worksheet 2) 

Time of concentration ................................. T, = 

mi2 (acred640) 

I hr (From worksheet 3) 

0 3 0 0  

(I, IA, I t  111) - . I \  Rainfal! distribution ....................................... - 
Pond and swamp areas sprea 
throughout watershed ................................... - - a percent of Am ( acres or mi* covered) 

7. Runoff, Q ...................................................................................... in 

2. Frequency .................................................................................... 

3. Rainfall, P (24-hour) .................................................................... in 

0 ~ 2 4  

8. Pond and swamp adjustment factor, F, ........................................... I 

(210-VI-TR-55, Second Ed., June 1986) 
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Chapter 4 Graphical Peak Dischage Method Technical Release 55 
Urban Hydrology for Small Watersheds 

Exhibit 4-11 Unit peal discharge (q3 for NRCS (SCS) me I1 rainfall distribution 

(u!pus3) ‘{“b) af i~eyas!p  yead j!un 

(210-VI-TR-55. Second Ed.. June 1986) 



Chapter 4 Graphical Peak Discharge Method 

This chapter presents the Graphical Peak Discharge 
method For computing peak discharge from rural and 
urban areas . The Graphical method was devehped 
from hydrograph analyses using TR.20. ‘Computer 
Program for Project Formulation-Hydrology” (SCS 
1983) . The peak discharge equation used is: 

where: .. = peak discharge (ftVs) ................... ( c s d i )  

.......... swamp adjustment ...... .. = : drainage area (miz) 
Q = runoff (in) 

The input requirements for the Graphical method are 
as follows: (1) T, (hr). (2) drainage area (miz) . (3) 
appropriate rainfall distribution (I . IA . I1 . wlm. (4) 24- 
hour rainfall (in). and (5) . If pond and swamp 
areas are spread throughout the watershed and are not 
considered in the T, computation. an adjustment for 
pond and swamp areas is also needed . 

Peak discharge computation 

For a selected rainfall frequency. the 24-hour rainfall 
(4 is obtained from appendix B or more detailed local 
precipitation maps . CNand total runoff (0 for the 
watershed are computed according to the methods 
outlined in chapter 2 . The CN is used to determine the 
initial abstraction (Id from table 4.1 . 
Ipis then computed . 
if the computed I p r a t i o  is outside the range in 
exhibit 4 (4.i. 4.IA . 4.11. and 4-111) for the rainfall distri- 
bution of interest. then the limiting value should be 
used . If the ratio falls between the limiting values . use 
linear interpolation . Figure 4-1 illustrates the sensitiv- 
ity of I p t o  CNand P . 

Peak discharge per square mile per inch OF runoff (qu} 
is obtained from exhibit 4-1.4-1A, 4.n . or 4-III by using 
Tc (chapter 3) . rainfall distribution type. and lapratio . 
The pond and swamp adjustment factor is obtained 
from table 4-2 (rounded to the nearest table value) . 
Use worksheet 4 in appendix D to aid in computing the 
peak discharge using the Graphical method . 

Figure 4-1 Variation of Ipfoor Pand CN . 

P 
n 
. . 

Rainfall (F}. inches 

Table 4-1 I, values for runoff curve numbers . 
Curve I, 

number (in) 
40 ...................... 3.000 
41 ...................... 2.878 
42 ...................... 2.762 
43 ...................... 2.651 
44 ...................... 2.545 
45 ...................... 2.444 
46 ...................... 2.348 
47 ...................... 2.255 
48 ...................... 2.167 
49 ...................... 2.082 
50 ...................... 2.000 
51 ...................... 1.922 
52 ...................... 1.846 
53 ...................... 1.774 . 
54 ...................... 1.704 
55 ...................... 1.636 
56 ...................... 1.571 
5 7  ...................... 1.509 
58 ...................... 1.448 
59 ...................... 1.390 
60 ...................... 1.333 
61 ...................... 1.279 
62 ...................... 1.226 
63 ...................... 1.175 
64 ...................... 1.125 
65 ...................... 1.077 
66 ...................... 1.030 

68 ...................... 0.941 
69 ...................... 0 . 899 

67 ...................... 0.985 

Curve 1, 
number (in) 

71 ...................... 0.857 
72 ...................... 0.817 

70 ...................... 0.857 

73 ...................... 0.778 
74 ...................... 0.703 
75 ...................... 0.667 
76 ...................... 0.632 
77 ...................... 0.597 
78 ...................... 0.564 
19 ...................... 01532 
80 ...................... 0.500 
81 ...................... 0.469 
82 ...................... 0.439 
83 ...................... 0.410 
84 ...................... 0.381 
85 ...................... 0.353 
86 ...................... 0.326 

88 ...................... 0.273 
89 ...................... 0.247 
90 ...................... 0.222 
91 ...................... 0.198 
92 ...................... 0.174 
93 ...................... 0.151 
94 ........ I ............. 0.128 
95 ...................... 0.105 
96 ...................... 0.083 
97 ...................... 0.062 
98 ...................... 0.04 1 

a7 ...................... 0.299 
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Basin 1 V-Ditch 
Worksheet for Triangular Channel- 

Project Description 
Project File c:haestad\fmw\vtank.fm2 
Worksheet Vditch at East 8oundar-y 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Equal Side Slopes 

inout Data 
~ ~- 

Mannings Coefficient 0.022 
Channel Slope 0.01 0000 m 
Depth 1.00 ft 
Discharge 0.03 cfs 

Results 
Left Side Slope 
Right Side Slope 
Flow Area 0.05 ftz 
Wetted Perimeter 2.00 ft 

Critical Depth 0.46 ft 
Critical Slope 0.662071 Wft 
Velocity 0.56 ft/s 
Velocity Head 0.49e-2 ft 

F roude Number 0.14 
Flow is subcritical. 

0.048049 H : V 
0.048049 H : V 

Top Width 0.10 ft 

Specific Energy 1.00 ft 

FlowMaster v5.11 
Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666 



Basin 2 V-Ditch 
Worksheet for Triangular Channel 

Project Description 
Project Fire c:\haestad\fmw\vtank.fm2 
Worksflee t 
Flow Element Triangular Channel 
Method ' Manning's Formula 
Solve For Equal Side Slopes 

Vditch at East Boundary 

Mannings Coefficient 0.022 
Channel Slope 0.010000 fvft 
Depth 1.00 ft 
Discharge 0.04 cfs 

Results 
Left Side Slope 
Right Side Slope 
Flow Area 0.06 ftz 
Wetted Perimeter 2.00 f t  
Top Width 0.13 ft 
Critical Depth 0.49 ft 
Critical Slope 0.441963 Wft 
Velocity 0.68 ft/s 

0.063902 H : V 
0.063902 H : V 

Velocity Head 0.01 ft 
Specific Energy 1.01 ft 
Froude Number 0.1 7 
Flow is subcritical. 

05131101 
06:51:25 PM Haestad Methods. Inc. 37 Elrookside Road Waterbury, CT 06708 (203) 755-7668 

Flowblaster v5.11 
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